Abstract: Attention-deficit hyperactivity disorder (ADHD) is a frequent childhood-onset psychiatric condition and categorized into three subtypes of predominantly inattentive (ADHD-I), hyperactive impulsive (ADHD-H), and combined (ADHD-C). The prevalence and subtypes of ADHD vary considerably. The primary aim of this study was to provide a prevalence estimate of ADHD in elementary school students living in Shantou, a district of China, and in addition to examine the influence of informants, age, and gender on the prevalence. A total of 3,497 students aged 7-12 years were enrolled by random and stratified sampling. In stage I, teachers and parents of all participating students in randomly selected schools were asked to complete Chinese versions of the Conners' 10-item scale. In stage II, students with high scores (.15) were interviewed by a psychiatrist for a diagnosis with or without ADHD. Parents rated many more students with high scores than teachers did in stage I. The prevalence of ADHD determined by Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5) was 5.91% (5.27%-6.55%), which is comparable to the rates reported in previous studies with Chinese children. This hits the low border of the ADHD prevalence range from 5.9 to 7.1% worldwide, and is lower than that of Chinese children living in Hong Kong, suggesting an important influence of Chinese culture on the diagnosis of ADHD. The constituent ratios of ADHD-I, ADHD-C, and ADHD-H subtypes were 67.43, 24.57, and 8.00%, respectively. The rate of ADHD-H decreased with age, whereas that of ADHD-I remained at the highest levels in all age groups, suggesting that symptoms in the inattention domain are the most persistent and refractory.
Introduction
Attention-deficit hyperactivity disorder (ADHD) is one of the most frequent childhoodonset psychiatric conditions and characterized by persistent inattention, hyperactivity, and impulsivity, which are pervasive and lead to various degrees of functional impairment. This disorder imposes an enormous burden on society as the consequences of psychological dysfunction, adverse vocational outcomes, stress on families, and societal financial costs. 1, 2 During the past 3 decades, a number of studies have reported the prevalence rates of ADHD. In 2007, Polanczyk et al published a comprehensive review of the literature on the prevalence of ADHD, which included 102 studies. A meta-analysis resulted in a pooled prevalence of 5.29% (95% confidence interval [CI] 5.01-5.56) and identified the main factors contributing to the variability of estimates, including diagnostic criteria, source of information for reporting the symptoms, and requirement of functional impairment for the diagnosis. 3 However, study location seemed to have no significant effect on the estimate, as claimed in the study by the Centers for Disease Control and Prevention, submit your manuscript | www.dovepress.com
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Huang et al which reported a 9.5% prevalence of ADHD in the USA. 4 In a recent comprehensive review, which included studies published after 2007, the meta-analysis results generated estimates of ADHD in children and adolescents ranging from 5.9 to 7.1%. 5 Although significant heterogeneity existed between estimates, once again, the study location did not explain the variability, supporting the claim in the previous review by Polanczyk et al. 3 In line with these previous findings, a more recent updated systematic review concluded that variability in ADHD prevalence estimates is significantly associated with methodological characteristics, including source of information, impairment criterion, and diagnostic criteria, instead of geographical location. 6 In spite of the abovementioned achievements in the epidemiology of ADHD, further studies are still necessary to assess the prevalence estimates of ADHD, examine the influences of culture and related factors on the prevalence, and assess the functional impairments of ADHD children in developing countries, which were underrepresented in the most comprehensive reviews of the ADHD epidemiology in youths. Of the developing countries, China deserves to be highlighted for its biggest population of children living in such a huge area with diversity in geography and culture. While recent studies with ADHD children in China addressed the genetic and environmental influences on ADHD, [7] [8] [9] [10] [11] [12] family risk factors for ADHD, 13 and psychological and social interventions of ADHD, 14, 15 there is a relative shortage of epidemiological studies on ADHD in China.
Of the few previous epidemiological studies on ADHD in China, a recent study reported an overall prevalence of Diagnostic and Statistical Manual of Mental Disorders, forth edition (DSM-IV) disorders of 9.49% (95% CI =8.10%-11.10%) among children and adolescents in Northeast China, in which the prevalence of ADHD was 0.84% (95% CI =0.52%-1.36%).
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Both the rates are much lower than the values of the same variables (16.4 and 3.9%, respectively) reported by a previous study with Chinese adolescents in Hong Kong 17 and lower than the worldwide-pooled prevalence of mental disorders (13.9%; 95% CI =11.3%-15.9%) and ADHD (3.4%; 95% CI =2.6%-4.5%) determined by a recent meta-analysis by Polanczyk et al. 18 Although the big difference between the reported prevalence of ADHD in China and the worldwide-pooled prevalence of ADHD may be mainly due to methodological factors as reviewed earlier, a possibility that Chinese children have a lower prevalence of ADHD could not be ruled out. In line with this speculation, another recent epidemiological study, 19 which surveyed a total of 15,412 students aged 5-15 years from 12 kindergartens, 13 primary schools, and nine junior secondary schools in the Zhabei District of Shanghai, reported an ADHD prevalence of 4.6%, being lower than the worldwide-pooled prevalence of 5.29% reported by Polanczyk et al. 3 The primary aim of this study was to provide a prevalence estimate of ADHD in elementary school students living in Shantou, a district of China, with unique sociodemographic features such as relatively large families with three or more generations living together and low education levels. No information was available on the prevalence of ADHD in this district. We hypothesized that a large family environment would decrease the prevalence of ADHD. For the diagnosis of ADHD, we applied Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-5) in this study, which changed the onset of the ADHD symptoms from not older than 7 (defined in DSM-IV) to 12 years. In addition, we examined the influences of informants, age, and gender on the prevalence estimates of ADHD.
Methods
Selection of participants
This study was performed in the two urban districts of Longhu and Jinping, Shantou, China, between September 2013 and April 2014. On the basis of the primary study, the theoretical sample size of this study was calculated to be 2,793 students. In practice, four schools were enrolled by random sampling from 73 public primary schools in the city; whereas five private primary schools were excluded as the students in them were kids of temporary habitants with more heterogeneous cultural backgrounds. Then, 40 or 50% classes of grades 2-6 of these four schools were randomly selected. Once a class was selected, all students in it would be qualified to participate in the study. Grade 1 students were not included as September is the first month of a new school year and the students were still adapting to the school environment. All students in the selected classes were aged in the range of 7-12 years. The total number of grades 2-6 students in these four schools was 7,151, of whom 3,497 students were selected to participate in stage I of this study.
assessment
A two-stage procedure was performed. Prior to stage I, a workshop on ADHD was scheduled for participating students and teachers to explain the research procedures and to secure teachers' and parents' consent to participate. In stage I, teachers and parents of all eligible participating students were asked to complete Chinese versions of the Conners' 10-item scale. The Conners' 10-item scale consists of 10 statements for which a parent or a teacher rates a child's behavior on a 4-point Likert scale, ranging from 0 to 3. It discriminated very well between children with and without ADHD and thus has been used as a valid screening instrument for the identification of ADHD 20 and has been used to measure the 
Stage II
Stage I
Four schools were randomly chosen out of 73 public schools.
40%-50% classes of grades 2-6 in the selected schools were randomly chosen. All students of the chosen classes were eligible participants.
All suspected students (651) proceeded to stage II and were assessed by a psychiatrist. None of them refused to participate in stage II.
A final diagnosis was made by the research team of four attending psychiatrists or a chief psychiatrist.
Parents and teachers of all potentially eligible participants (3, 497) were asked to complete Chinese version of the Conners' 10-item scale.
2,959 Conners' 10-item scales of the returned ones were valid.
651 students scored >15 by parents or teachers.
2,308 students scored <15 by parents or teachers.
538 participants did not return scales or returned invalid scales.
behavioral problems of ADHD children in China. 21 In stage II, students who were suspected to have ADHD on the basis of the Conners' 10-item scale scores, given by either parents or teachers, were subjected to a structured interview with a psychiatrist of the research team, consisting of four attending psychiatrists, in the presence of parents, for a diagnosis with or without ADHD according to the DSM-5 criteria. A final diagnosis was made if all the four doctors had reached a consensus, otherwise, the diagnoses would be referred to a chief psychiatrist (CX) to achieve a final conclusion. The flow diagram of the procedures is shown in Figure 1 .
The protocol of this study was reviewed and approved by the Ethics Committee of Shantou University Medical College. Each school head was advised and agreed to participate in the study. Each of the parents and teachers of all eligible potential participants signed written informed consent and provided written permission to share results for this study.
Diagnosis of ADHD
For the Conners' 10-item scale scores, a same cutoff point of $15 was set up for parents and teachers. This cutoff point is the same as that used by Sprague et al 22 but higher than that used by Landgren et al. 23 According to parents, 651 students had the Conners' 10-item scale scores .15. The number generated from teachers' assessment was 392.
All these students and their parents were invited to participate in stage II of the study. The diagnosis criteria of ADHD described in DSM-5 were followed during the diagnosis process. Exclusionary criteria included mental retardation, major medical neurological disorders, psychoses, bipolar disorder, and major depressive disorder with symptoms starting prior to ADHD. However, the subtypes of ADHD were defined by following the criteria of Diagnostic and Statistical Manual of Mental Disorders, fourth edition, text revision (DSM-IV-TR) (association Academy of Psychosomatic Medicine). 24 
Data analysis
Data were entered into the EpiData 3.1 software and analyzed using SPSS v16.0 (IBM Corp., Armonk, NY, USA). The chi-square test was performed to compare the rates of suspected ADHD students determined by Conners' 10-item scale by parents and teachers, to compare the prevalence rates of ADHD diagnosed by DSM-5 in different age groups, and to compare the ratio of each ADHD subtype defined by DSM-IV-TR. Significant P-values were set #0.05.
Results
Demographic data of the participants
The students were included in analyses only if both the parent and teacher scales were returned and they were correctly 
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Huang et al filled out. Of the 3,497 enrolled students, 2,959 students were included in the screening phase and the overall response rate was 85%. This number is greater than the theoretical sample size of 2,793. The age and gender distributions of the participants are listed in Table 1 .
Positively screened students according to the conners' 10-item scale
The results of the Conners' 10-item scale scores according to parents and teachers are listed in Tables 2 and 3 . According to parents, the average rate of high-score students was 22%, which is significantly higher than the rate of 13.25% according to teachers. For both male and female students, parents rated many more students with high scores (male, 28.89 vs 18.03%; female, 14.83 vs 8.28%) than teachers did. It is clear that the rate in male students was significantly higher than that in females according to either parents or teachers (Table 2) . With respect to each item of the Conners' 10-item scale, except for the item of disturbing other children, many more students were highly scored by parents on all other items than those by teachers ( Table 3 ). The sensitivity, specificity, and positive predictive value of the positively screened students by parents were 94.86, 36, and 26.88%, respectively. For the positively screened students by teachers, the values of the same variables were 97, 78.88, and 44.64%, respectively.
The prevalence of ADHD according to Of the high-score students, 175 students met the DSM-5 diagnosis criteria for ADHD. The overall prevalence of ADHD in the whole sample was 5.91%. All four participating schools showed comparable prevalence rates (6.29, 5.88, 6.74, and 5.20%, respectively), which resulted in a 95% CI of 5.27%-6.55%. Male and female students showed significantly different rates of 8.75 and 3.0%, respectively, and the rates in different age groups were also different. Specifically, the prevalence rates in 7-and 11-year-old children were significantly lower compared to the other groups showing comparable higher prevalence rates. The highest rate was seen in the 9-year-old group (Table 4 ).
The subtypes of ADHD
Of the 175 ADHD students, the respective constituent ratios of ADHD-I, ADHD-C, and ADHD-H were 67.43, 24.57, and 8.00%, respectively. Males and females showed comparable constituent ratios of each subtype (Table 5 ). However, the prevalence rates of the three subtypes vary with age. Specifically, the 7-year-old group showed the lowest prevalence of ADHD-I and the highest prevalence of ADHD-C, the 10-year-old group showed the highest prevalence of ADHD-I but the lowest rate of ADHD-C, and the 11-year-old group showed the lowest prevalence of ADHD-H (Table 6 ). 
Discussion
This study provided the prevalence estimates of ADHD in elementary school students living in the urban area of Shantou, China, by using a two-stage procedure. In stage I, teachers and parents of all participating students were asked to complete Chinese versions of the Conners' 10-item scale, whereas the diagnosis of ADHD was made according to DSM-5 in stage II. The rates of high-score students according to parents and teachers were 22.00 and 13.25%, respectively. Both rates were significantly higher than the prevalence of 5.91% according to DSM-5. The data reported here are consistent with the common impression: studies without the use of functional impairment criteria have widely varied prevalence rates of ADHD. Previous examples supporting this impression are as follows: Cornejo et al 25 reported a prevalence of 15.8% using the Conners' rate scale, and Bener et al 26 found an overall prevalence rate of 9.4% among primary school children in an Arabian society rated by school teachers according to Swanson, Nolan, and Pelham Rating Scale, fourth version (SNAP-IV), but when the full DSM-IV diagnosis criteria for ADHD were applied, the prevalence figures tended to be lower and fairly uniform, as reported by Wolraich et al 27 in the USA: the prevalence rates in Tennessee County were 16.1% without the use of impairment criterion and 6.8% when impairment was taken into consideration.
On the Conners' 10-item scale, the rate of positively screened students by parents was higher (22.00%) than that by teachers (13.25%). The rate according to parents here is comparable to that reported in a previous study in which up to 19% of children in Qatar (6-12-year-old children in government schools) had moderate to high levels of ADHD according to the Conners' 10-item scale. 26 In explaining the difference between the estimates by parents and teachers in the present study, it should not be ignored that parents were more heterogeneous in terms of education level and knowledge about ADHD compared to teachers. The latter might use the information given by the workshop on ADHD more accurately and comprehend the research procedures more completely than parents. This may make parents more sensitive to ADHD-related behaviors in children. In support of this speculation, another previous study reported a higher mean score of ADHD children on the Conners' 10-item scale according to parents and a lower one according to teachers, although the two informants gave comparable scores for children without a diagnosis of ADHD. 20 Another possible influencing factor is the one-child family environment, which is now the dominant family type in China. A child is the most precious person in the one-child family and thus is protected and looked after by all the other family members. This family environment likely provided a platform for a child to act out ADHD-relevant behaviors. Indeed, parents assigned high scores to many more students on almost all items of the Conners' 10-item scale than teachers did. The only exception is the item of disturbing other children. Certainly, this behavior is unlikely to happen, or seldom happens, in a one-child family.
Of the student sample in this study, 175 students were diagnosed as ADHD according to DSM-5, resulting in an overall prevalence rate of 5.91% with a 95% CI of 5.27%-6.55%. ADHD, attention-deficit hyperactivity disorder; ADHD-H, attention deficit hyperactivity disorder, predominantly hyperactive type; ADHD-I, attention deficit hyperactivity disorder, predominantly inattentive type; ADHD-C, attention deficit hyperactivity disorder, predominantly combined type. 
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This rate hits the low border of the prevalence range from 5.9 to 7.1% of children worldwide, 5 is in the lowest one-third of the range from 5 to 8% in USA, 28 and is much lower than the estimates between 11 and 16% generated from the application of DSM-IV criteria to school populations in previous epidemiological studies. 29 This is in contrast to our expectation of a higher prevalence as the consequence of applying DSM-5, which changed the onset of the ADHD symptoms from not older than 7 (defined in DSM-IV) to 12 years. Two inferences from this unexpected result are as follows: 1) the change in the definition of the onset of the ADHD symptoms has no significant impact on the estimation of the prevalence of ADHD in elementary school students, and 2) Chinese culture significantly contributed to the relatively lower prevalence reported in this study. In support of the first inference, a previous study reported that extending the ageof-onset criterion to 12 years resulted in a negligible increase in ADHD prevalence by 0.1%. Children who first manifested ADHD symptoms between ages 7 and 12 years did not present correlates or risk factors that were significantly different from children who manifested symptoms before the age of 7 years. 30 In support of the second inference, Jin et al 19 reported an ADHD prevalence of 4.6% in Shanghai, Zhou et al 31 reported a rate of 5.39% among the primary school students in Shenzhen (Guangdong Province, China), and Guan et al 32 reported an ADHD prevalence of 5.95% in primary and middle school students in Hunan Province. All these three studies applied DSM-IV criteria for the diagnosis of ADHD. Moreover, the prevalence of ADHD among the elementary school students in Guilin (Guangxi, China) was 4.25%. 33 These lower rates were reported on children living in different regions of China, suggesting that Chinese culture, instead of study location, was the dominant factor significantly influencing the diagnosis of ADHD. In support of this suggestion, a previous study reported an ADHD prevalence of 8.9% in Chinese students living in Hong Kong, 34 where people may be more significantly affected by Western civilization. Together, these previous studies and the present study suggest an important impact of Chinese culture on the prevalence of ADHD in children. In line with this suggestion, previous studies from other parts of the world have shown that culture in general may influence the identification and interpretation of symptoms and the meaning attributed to them, not only by parents and teachers but also by health professionals. [35] [36] [37] [38] [39] Moreover, culture and related factors that are more proximal to childhood development (eg, parental style) influence the emergence of emotional and behavioral problems. [40] [41] [42] Nevertheless, future studies with larger samples are needed to address specific potential factors in Chinese culture that may contribute to the relatively lower prevalence of ADHD in children living in the mainland of China.
The gender odds ratio (OR) (male/female) for ADHD diagnosed by DSM-5 in this study is ~3 (8.75% vs 3%), adding to the pool of data claiming that ADHD is more common in male children. 5, 29, 43, 44 The male predominance probably reflects both referral bias and a true gender difference in prevalence as explained by Rowland et al. 45 As expected, the prevalence of ADHD varied with age. In the age range of 7-12 years, 9-year-old children showed the highest prevalence rate (7.28%) and the lowest rates were seen in the 7-year-old (4.66%) and 11-year-old (4.51%) groups. This profile is in line with that reported by a recent study, in which the highest prevalence (9.4%) of ADHD was seen in 9-year-old children whereas the rates in the 7-yearand 12-year-old groups were 6.9 and 6.4%, respectively. 46 This profile, in addition to indicating a spontaneous disappearance of some ADHD symptoms, is also in line with the curve of academic pressure experienced by primary school students in China, suggesting an amplifying effect of mental pressure on the symptoms of ADHD. The rate rebounded from 4.51% in the 11-year-old group to 6.31% in the 12-yearold students, adding supporting evidence for this suggestion of added mental pressure. More pertinent supporting evidence is as follows: reading disability was suggested to lead to the development of ADHD symptoms, possibly as a result of academic failure, as experienced, by a child in an early study, 47 and learning disorders such as dyscalculia 48 and reading 49 contributed to the prediction of ADHD. ADHD-I is the most common subtype followed by ADHD-C and ADHD-H in both males and females in the present study. This order is in line with that summarized in a meta-analytic review by Willcutt. 5 The same order was also reported in a recent community survey of ADHD among primary school pupils in Nigeria, 46 although some earlier studies reported an order of ADHD-C, ADHD-I, and ADHD-H. 27, 50, 51 Interestingly, the prevalence of ADHD-H decreased to the lowest levels in 11-and 12-year-old children, while ADHD-I remained at higher levels. This is consistent with the profile of prevalence change over age indicating a spontaneous disappearance of some ADHD symptoms, as discussed earlier. In line with this result, it was noticed that the more overt symptoms of hyperactivity/impulsivity tended to wane early in life, whereas the more covert symptoms of inattention tended to persist over time. 52 Together, these results suggest that symptoms in the inattention domain may be more persistent and refractory than the other symptoms in ADHD patients. 
Conclusion
The Conners' 10-item scale produced higher prevalence estimates compared to DSM-5, suggesting an effect of instrument on the prevalence of ADHD. Parents rated higher scores on all items of the Conners'-10 item scale than teachers did, indicating an effect of informant. The prevalence estimate of 5.91% according to DSM-5 is in the range of ADHD prevalence rates reported in previous studies by other Chinese investigators, but is lower than that of Hong Kong children, suggesting a significant effect of Chinese culture. The profile of prevalence change over age indicates a spontaneous disappearance of some ADHD symptoms and suggests an amplifying effect of mental pressure on the symptoms of ADHD. Of the diagnosed ADHD students, the overall constituent ratios of ADHD-I, ADHD-C, and ADHD-H subtypes were 67.43, 24.57, and 8.00%, respectively, but the rate of ADHD-H decreased with age, whereas that of ADHD-I remained at the highest levels in the six age groups, suggesting that symptoms in the inattention domain are the most persistent and refractory in ADHD patients.
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